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Abstract 
 
 
Use of High Pressure Liquid Chromatography to Detect and Quantify 
Oxytetracycline Marks in Walleye Otoliths and Dorsal Spines 
Michael J. Hawkins 
2002 
 
Oxytetracycline (OTC) is used to chemically mark calcified structures in 
walleye Stizostedion vitreum fry and fingerlings.  Current visual methods for 
detection of these marks are subjective, and biologists are unable to quantify the 
amount of OTC in a sample.  The goal of this study was to determine if high 
pressure liquid chromatography (HPLC) is a feasible and superior alternative for 
detecting and quantifying OTC in otoliths of fry-marked and spines of fingerling-
marked walleyes.  Study objectives were to validate methodology of extraction of 
OTC from calcified tissue, detect and quantify extracted OTC using HPLC, and 
determine a cost comparison of current visual detection methods and detection 
using HPLC.  Walleye fry and fingerlings were marked with OTC at 700 ppm for 6 
h.  Methods that currently exist for extraction of OTC from edible tissue were 
assessed and modified to extract OTC from calcified tissue.  Extraction and 
detection of OTC from otoliths of fry-marked walleyes using HPLC was largely 
unsuccessful.  Visual methods of detecting OTC in walleye otoliths were found to 
be highly variable among viewers.  Extraction and detection of OTC from 
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fingerling-marked walleye dorsal spines using HPLC was 100% accurate.  Visual 
detection rates of OTC in dorsal spines were variable and similar to those of 
other researchers.  High pressure liquid chromatography detection was more 
expensive than visual methods, but fewer samples may be needed because of 
increased accuracy, which may reduce the cost of HPLC analysis.  Costs needed 
to train viewers and purchase and maintain visual detection equipment were not 
included in this study, but should be considered when comparing methods. 
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Chapter 1.  Introduction 
 
Introduction 
 Oxytetracycline (OTC) is an antibiotic drug that has been used to mark 
developing calcified structures (Milch et al. 1952).  In one of the first fisheries 
applications, Weber and Ridgway (1962) assessed the survival of stocked Pacific 
salmon Oncorhynchus spp. by visually detecting tetracycline deposition in the 
scales and bones of hatchery-reared fish.  Scidmore and Olson (1969) later used 
OTC to mark fingerling walleye Stizostedion vitreum utilizing the immersion and 
visual detection methods described by Weber and Ridgway (1962, 1967).  Since 
this preliminary work, researchers have used OTC to mass mark fishes at all 
developmental stages including marking eggs and fry of ayu Plecoglossus 
altivelis (Tsukamoto 1985), marking striped bass Morone saxatilis fry and 
juveniles (Secor et al. 1991), and marking adult brook trout Salvelinus fontinalis 
to assess stunted populations (Hall 1991).    
Oxytetracycline marks are often highly variable in intensity, which 
influences accuracy of mark detection.  Reinert et al. (1998) were only able to 
detect 72.6% of OTC marks in larval striped bass.  Lorson and Mudrak (1987) 
found that OTC detection was 98% for American shad Alosa sapidissima through 
day 57, but only 82% through day 152.   
Consistency of marks produced and detected in fry marking trials has 
varied substantially (Brooks et al. 1994).  Researchers were either not able to 
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recognize OTC marks or failed to use the immersion procedures needed to 
produce visible fluorescence.  Otoliths autofluoresce and this fluorescence is 
concentrated about tiny cracks, which often result from polishing (Brooks et al. 
1994).  In many cases, it is difficult to distinguish between poorly marked otoliths 
and autofluorescence marks.  Brooks et al. (1994) misidentified 40% of control 
fish (i.e., no OTC marks) as “barely visible” OTC marks due to autofluorescence.  
Further, if a mark is not detected visually biologists cannot be certain whether the 
mark has been lost or simply not detected by the reader.  These problems 
introduce subjectivity into the detection process, which decreases the efficacy of 
this marking methodology.  An objective methodology is needed to detect OTC-
marked structures in fish. 
 Methods for extraction and detection of OTC from fish tissues for 
purposes of pharmacokinetic and residue depletion studies to determine critical 
human consumption levels have been investigated by many researchers (e.g., 
Grondel et al. 1987; Rogstad et al. 1988, 1991; Iverson et al. 1989; Kusser and 
Newman 1990; Houglum et al. 1998; Meinertz et al. 1998).   These methods 
have ranged from sensitive bioassays (Kusser and Newman 1990) to numerous 
methods for detection of OTC using high pressure liquid chromatography 
(HPLC).  Houglum and Larson (1999) developed extraction methods for 
detection of OTC in edible walleye fish tissues and homogenized whole fish 
samples using HPLC; OTC concentrations were undetectable (<0.05 µg OTC/g 
tissue) in edible fish tissue 110 d after treatment (U. S. Food and Drug 
  
3
Administration, Investigational New Animal Drug [INAD] 8096, Rockville, 
Maryland) compared with composite samples (i.e., skin, scales, bones, and 
edible tissue) that had detectable amounts of OTC.  Unkenholz et al. (1997) 
found only trace amounts of OTC in edible portions of fingerling marked yellow 
perch Perca flavescens after 110 d, but substantial amounts in composite 
samples.  These studies indicate that OTC is retained in calcified tissues and 
was successfully extracted and detected using HPLC methods.   
The goal of my study was to examine the efficacy of using HPLC for the 
detection of OTC in walleye fry-marked otoliths and fingerling-marked spines as 
compared to visual detection methods.  High pressure liquid chromatography can 
detect and quantify trace amounts of chemical compounds in solution, and 
therefore offers increased precision that should eliminate the subjectivity 
associated with visual detection methods. 
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Chapter 2.  Use of High Pressure Liquid Chromatography for Detection of 
Oxytetracycline in Otoliths of Fry-Marked Walleyes 
 
Introduction 
 Current techniques for detecting OTC in fry-marked fish involve mounting 
the saggital otolith on a slide, sanding to the nucleus and identifying a fluorescent 
mark under filtered ultraviolet light (Brooks et al. 1994).  This detection process 
can be time consuming and tedious.  Oxytetracycline marks are often highly 
variable in intensity, which influences accuracy of mark detection (Lorson and 
Mudrak 1987; Reinert et al. 1998).  Larger (older) otoliths often require 
sectioning, sanding, and polishing to reach the plane where the fluorescent mark 
will be visible (Rulhé and Wenecki-Kühn 1992).  An increase in the amount of 
material removed to detect a mark could also increase the chance that the mark 
could be obliterated during the preparation technique (Fielder 2002).  In this 
chapter, I further analyze and modify the methods of Houglum and Larson (1999) 
for the extraction and detection of OTC in otoliths of fry-marked walleyes and 
compare the costs of visual detection methods with HPLC methods of detection. 
 
Objectives 
Objective 1 - To validate and further develop HPLC methods for extracting and 
determining amounts of OTC in otoliths of fry-marked walleye. 
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Objective 2 - To compare the efficacy of both visual and HPLC methods for 
detecting OTC in otoliths of fry-marked walleyes. 
 
Methods 
Marking and preparation of otoliths 
In May 1999, 3 - 5 d old sac-fry were marked by immersion for 6 h in a 
700 ppm solution of OTC (INAD 8096) using procedures outlined in Brooks et al. 
(1994).  Before fish were added, the marking solution was buffered with sodium 
phosphate dibasic until the pH was approximately 7.0. 
Walleye sac-fry from this treatment were stocked into a fishless pond used 
by the Iowa Department of Natural Resources to rear fingerling walleyes.  In 
September 1999, 50 fingerling walleyes were collected from this pond to 
determine OTC mark retention.  
Sagital otoliths were removed from walleye fingerlings using a small 
forceps under a compound microscope.  Tissues surrounding the otoliths were 
removed, and the otoliths were dried and placed in vials.   Otoliths were then 
frozen and stored in a dark container. 
 
Sample preparation, chemical extraction, and HPLC 
The extraction process utilized an extraction solution consisting 1/9 by 
volume of trichloroacetic acid/acetate buffer (Houglum and Larson 1999).  A 
BioRad pump (Model 8221) and Thermo Separation Products fluorescence 
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detector (Model FL 2000) was used to perform the chromatography.  The column 
used was a Phenomenex Prodigy C-18.5 µm column with a guard column.  The 
mobile phase, a solution that carries the supernatant through the column, 
consisted of 30% methanol and an acetate buffer.  All samples and standards 
were analyzed using methods described by Houglum and Larson (1999). 
Solutions of OTC and extraction buffer were diluted to 0.0024, 0.010, and 
0.0510 µg/mL to create standards. The concentration of OTC in these standards 
was approximately the range of concentration of OTC contained in the 
supernatant from the walleye otoliths (described in next paragraph).  The 
concentrations of the standards were compared with the peak area from the 
chromatogram to determine if there was a linear relationship between the two 
measurements and to establish a baseline for computing peak area of OTC in 
walleye otoliths.  The timing of OTC release from the column was noted for 
correct identification of OTC peaks in otolith samples, which contain several 
superfluous peaks (Figure 1).  The 0.0024 µg/ml solution was used as a known 
concentration standard and was injected after every third sample to ensure 
consistent performance of the HPLC system and column.  The 0.0024 µg/mL 
standard was also injected multiple times at the beginning of each day to ensure 
that the HPLC column had equilibrated before beginning analysis. 
  An otolith from each walleye was placed in a glass mortar and pestle type 
tissue homogenizer and 1.0 mL of extraction solution was pipetted into the 
homogenizer.  Otoliths were homogenized until no visible tissue was present in 
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Figure 1.  Chromatograms from a standard (top) and homogenized 
oxytetracycline (OTC) marked structure (bottom).  The time (min) of retention for 
OTC is unique and is noted above the peak. 
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the solution (approximately 45 - 60 s).   The resulting supernatant was drawn into 
a disposable syringe and filtered through a 0.45 µm syringe filter into a test tube.  
Approximately 0.6 mL remains after filtering (approximately 0.4 mL could not be 
recovered from the syringe filter).  The glass homogenizer was thoroughly rinsed 
between samples to prevent cross-contamination.  A volume of 0.5 mL of filtered 
supernatant from the dissolved otolith was drawn into an injection syringe and 
then manually injected into the HPLC system. 
The concentration of OTC in each otolith was derived by dividing the peak 
area of OTC in the standard by the peak area of OTC in each otolith sample.  
This ratio was multiplied by the concentration of OTC in the standard.  The 
concentration of OTC in each spine was multiplied by the total volume of 
supernatant after the otolith was crushed.  The product is the total weight (µg) of 
OTC extracted from each otolith.   
 
Visual preparation and analysis  
The remaining otolith from each walleye was attached to a glass slide 
convex side down using cyanoplastic.  Slides were placed in a dark container to 
allow the glue to dry.  Otoliths were sanded to the nuclei using 1,000 grit silicon 
carbide sand paper and examined for a fluorescent mark using filtered (i.e., 455 
nm dichroic mirror, 440 nm excitation filter, and 475 nm barrier filter) ultraviolet 
light (Brooks et al. 1994) under an Olympus compound microscope (Model 
CH30) using either 10x or 20x magnification.  Three viewers examined each 
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otolith.  An experienced viewer (viewer 1) at South Dakota State University 
sanded the otoliths as needed and graded the marks.  The otoliths were then 
returned to the Iowa Department of Natural Resources Fisheries Office in Spirit 
Lake, IA where two other viewers examined them for marks. The marks were 
subjectively graded from 0 to 3, with a 0 indicating no visible OTC mark, a 1 
denoting a weakly discernable mark, a 2 indicating a clearly defined OTC mark, 
and a 3 denoting an extremely bright and clearly defined mark.  Photographs of 
the four mark grades were given to viewers to provide a benchmark for grading 
marks (Figure 2). 
   
Comparison of methods  
  Costs per sample using HPLC methods were compared to the costs and 
time required per sample for visual fluorescence detection.  Total time required to 
section, mount, and grade spines was recorded.  Accuracy of mark detection was 
compared between HPLC and visual detection. 
 
Results 
HPLC detection 
Oxytetracycline was successfully extracted and detected with HPLC in 
four of 19 otoliths analyzed.  Concentrations of OTC in these otoliths ranged from 
0.00233 to 0.01480 µg/mL.  Sensitivity of the HPLC system deteriorated on the  
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                          No mark                                                    Poor mark 
 
 
 
 
 
 
 
 
                         Fair mark                                              Excellent mark 
 
Figure 2.  Photographs of the four oxytetracycline mark grades provided to 
viewers.  Viewers scored marks as 0 (no visible mark), 1 (poor mark), 2 (fair 
mark), or 3 (excellent mark). 
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second day of testing after the third sample and peak area of a known standard 
decreased by 40%.  Laboratory personnel (Richard Larson, Senior Chemist, 
South Dakota State University) attempted to reestablish lost sensitivity, but these 
efforts were unsuccessful.  One otolith produced a strong peak after sensitivity 
had been lost.  It is unknown whether the system regained sensitivity briefly 
during this sample or if this particular otolith contained a higher concentration of 
OTC than the other samples.  Several other samples exhibited peaks, but these 
peaks were minute and difficult to distinguish from the background noise of the 
chromatogram.   
 
Visual detection 
Viewers correctly identified 65.6% of marked and control otoliths (Table 1).    
The experienced viewer (viewer 1) only misidentified one otolith with an overall 
accuracy of 98.4% in detecting presence/absence.  Viewer 2 correctly identified 
56.3% of marked and unmarked otoliths, while viewer 3 only correctly identified 
42.2% of marked and unmarked otoliths.  In addition, viewer 3 correctly identified 
only 27.7% of marked otoliths. 
 Viewer agreement for classification of marked and unmarked otoliths was 
35.9% (Table 2).  Viewer agreement for classification of marked otoliths was 
23.4%, while agreement for classification of control otoliths was 70.6%.  
Agreement of viewers 2 and 3 at the Spirit Lake, IA office was 73.4% for marked  
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Table 1.  Individual viewer performance of correctly identifying oxytetracycline 
(OTC) marks on otoliths taken from walleyes either marked as fry with OTC 
(marked) or not marked (controls). 
 Marked (n=47) Controls (n=17) Combined (n=64) 
Viewer Correct Incorrect Correct Incorrect Correct Incorrect 
1 97.9% 2.1% 100.0% 0.0% 98.4% 1.6% 
2 51.1% 48.9% 70.6% 29.4% 56.3% 43.8% 
3 27.7% 72.3% 82.5% 17.7% 42.2% 57.8% 
Combined 58.9% 41.1% 84.3% 15.7% 65.6% 34.4% 
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Table 2.  Percent agreement between viewers and among all three viewers when 
assessing whether walleye otoliths exhibited oxytetracycline (OTC) bands.  
Groups were walleyes that were marked with OTC (marked) or controls 
(unmarked). 
Agreement between viewers  
 
Groups 1 vs. 2 1 vs. 3 2 vs. 3 
 
Agreement 
among all 
viewers 
Marked (n=47) 48.9% 29.8% 63.1% 23.4% 
Unmarked (n=17) 70.6% 82.5% 88.2% 70.6% 
Overall (n=64) 54.7% 43.8% 73.4% 35.9% 
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and unmarked fish.  Marked otolith agreement between viewers 2 and 3 was 
63.1%, while agreement for unmarked otoliths was 88.2%. 
 Because of the discrepancy between the experienced viewer at South 
Dakota State University and the other two viewers, 10 marked otoliths were sent 
back to the experienced viewer to determine if fading of the marks had occurred.  
This subsample of marked otoliths were graded as a zero by the viewers at the 
Spirit Lake, IA fisheries office, but were graded as either a two or three by the 
experienced viewer.  The experienced viewer determined that no change had 
occurred in the intensity of the marks. 
 
Comparison of methods 
Both methods require removal of otoliths, so this time was not reported.  
Cost per sample for HPLC methods was $37.00 at the South Dakota State 
University Chemistry Laboratory.  Otolith preparation for visual analysis required 
a technician working 3 h ($20.00/h) to mount 75 otoliths (2.4 min/sample, $60).  
Sanding and grading of marks by one technician required 10 h (8.0 min/sample, 
$400).  Grading of otolith marks by two technicians required an additional 10 h 
(8.0 m/sample, $400).  Material costs for mounting were negligible.  Total cost 
per visual detection sample was estimated to be $11.46. 
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Discussion 
 I was largely unsuccessful at detecting and quantifying OTC in fry-marked 
otoliths using HPLC.  While I did have limited but unrepeatable success attaining 
the needed sensitivity for detecting the small quantities of OTC extracted, either 
the amount of OTC present in the otolith is too near the detection limits of the 
HPLC system that was used, or OTC was not successfully extracted from the 
bone.  There may be problems associated with contamination of the column if 
dissolved bone tissue reduces sensitivity.  Chromatography equipment 
sufficiently sensitive to detect such low levels of OTC are available, but presently 
this technology is cost prohibitive for this type of study (Richard Larson, South 
Dakota State University, personal communication).  Unkenholz et al. (1997) 
suggested that OTC was successfully extracted from calcified structures, and I 
was able to confirm these findings.  Howerver, extraction and detection of OTC 
from otoliths using HPLC was found to have limited practical value as a mark 
detection procedure using the equipment available for this study.  Calcified 
structures from fish marked with OTC as fingerlings may contain enough OTC to 
successfully detect and quantify, and Chapter 3 addresses detection of OTC in 
dorsal spines of fingerling-marked walleyes using HPLC. 
 Accuracy of OTC detection varied substantially among viewers.  An 
experienced viewer at South Dakota State University was able to correctly 
identify all but one of marked and unmarked otoliths.  Two viewers at the Spirit 
Lake, IA fisheries office were only 56% and 42% accurate when viewing the 
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same structures.  Differences in visual detection rates may be attributed to 
varying degrees of experience among viewers and differences in equipment.  
Fading of marks after the otoliths were sanded apparently was not a factor in 
discrepancy among viewers.  The subsample of marked fish recorded as not 
marked by the viewer 2 and 3, but strongly marked by experienced viewer 1 were 
returned to the experienced viewer who determined that mark intensity had not 
changed. 
Potential problems may thus arise if multiple viewers are used for 
determination of mark presence.  Variability in viewing equipment and viewer 
experience may substantially influence accuracy and precision of OTC mark 
detection.  My study suggests that the same equipment should be used to 
decrease the bias of different equipment configurations.  Viewer experience was 
apparently critical for correctly identifying marked otoliths.  At the very least, 
equipment used to visually detect marked otoliths should be checked, and 
compared with correctly functioning equipment prior to use.  Biologists should 
also determine error rates of various viewers by including known marked and 
unmarked samples.  These error rates can then be applied to unknown samples. 
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Chapter 3.  Use of High Pressure Liquid Chromatography for Detection of 
Oxytetracycline in Dorsal Spines of Fingerling-marked Walleyes 
 
Introduction 
 Several studies have reported varying degrees of success with accuracy 
of visual OTC mark detection on the otoliths of fingerling marked fish (Scidmore 
and Olson 1969; Hettler 1984; Reinert et al. 1998; Lucchesi 1999).  However, 
studies that examined visual detection rates of OTC marks in fish spines are 
limited.  Brown et al. (2002) reported that visual detection of OTC marks was 
similar between yellow perch otoliths and dorsal spines.   Most protocols for 
visual detection of OTC in marked fishes require otoliths, which are removed 
from sacrificed fish.  This mortality may be a concern when sampling small or 
unique populations.  Use of spines for detecting marks does not require 
sacrificing fish and can be quickly performed in the field.   
In this chapter, I compared visual detection of OTC rings on dorsal spines 
of marked fingerling walleyes to a more quantitative method of determining the 
amount of OTC, if any, in spines using HPLC methodologies.  The costs and 
benefits of visual detection methods were compared with the HPLC method of 
detection. 
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Objectives 
Objective 1 - To validate and further develop HPLC methods for extracting and 
determining amounts of OTC in dorsal spines of fingerling-marked walleyes. 
 
Objective 2 - To determine if the quality of the visually determined mark in 
walleye dorsal spines is related to the actual concentration of OTC in those 
spines as determined by HPLC. 
 
Objective 3 - To compare the efficacy of both visual and HPLC methods for 
detection of OTC in walleye dorsal spines. 
 
Methods 
Marking and preparation of dorsal spines 
During July 2000, 10 - 13 cm fingerlings were marked by immersion for 6 
h in a 700 ppm solution of OTC (INAD 8096) using procedures outlined in Brooks 
et al. (1994).  Before fish were added, the solution was buffered with sodium 
phosphate dibasic until the pH was approximately 7.0.  During the 6 h immersion, 
walleyes were transported from Spirit Lake to Rathbun Fish Hatchery, IA.   When 
the walleyes arrived at Rathbun Fish Hatchery, a sample of 100 fish was placed 
into a holding tank.  Each week for 7 weeks, seven to 10 walleyes were collected 
from this tank, placed in a plastic bag, and frozen for later examination.    
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 Five walleyes from each weekly sample were thawed, measured to the 
nearest 2.5 mm (0.1 in), and weighed to nearest 0.01 g.  The second and third 
dorsal spines from each fish were cut at the base using surgical scissors.  The 
spines were separated, placed in plastic vials, labeled, and frozen.  The second 
and third spines were used alternately for HPLC analysis and visual analysis.  In 
an unrelated study, larval walleyes were marked with OTC and stocked into Lost 
Island Lake, IA.  A sample of fingerling walleyes was taken during the fall to 
determine stock contribution of these fry.  Spines from these fish were initially 
intended as controls under the assumption that OTC would not be present in 
their spines.  Additional control fish were collected from Roy Lake, SD, which did 
not receive OTC marked walleyes during this study period.  
 
Sample preparation, chemical extraction, and HPLC 
The HPLC extraction process utilized an extraction solution consisting 1/9 
by volume of trichloroacetic acid/acetate buffer (Houglum et al. 1999).  A BioRad 
pump (Model 8221) and Thermo Separation Products fluorescence detector 
(Model FL 2000) was used to perform the chromatography.  The column used 
was a Phenomenex Prodigy C-18.5 µm column with a guard column.  The mobile 
phase consisted of 30% methanol and an acetate buffer.  All samples and 
standards were injected into the HPLC system and analyzed using methods 
described by Houglum et al. (1999).   
  
20
Solutions of OTC and extraction buffer were diluted to approximately 
0.005, 0.010, and 0.020 µg/mL to create standards.  The concentration of OTC in 
these standards was approximately the range of concentration of OTC contained 
in the supernatant from the homogenized walleye spines (described below).  
Concentrations of the standards were compared with the peak area from the 
chromatogram to determine if there was a linear relationship between the two 
measurements and to establish a baseline for computing peak area of OTC in 
walleye spines.  The timing of OTC release from the column was noted for 
correct identification of OTC peaks in spines samples containing several 
superfluous peaks. The 0.020 µg/mL solution was used as a known 
concentration standard and was injected after every third sample to ensure 
consistent performance of the HPLC system and column.  The 0.020 µg/mL 
standard was also injected multiple times at the beginning of each day to ensure 
that the HPLC column had equilibrated before beginning analysis. 
  The second and third spines were used alternately in the HPLC analysis.  
One spine from each fish was weighed to the nearest 0.00001 g.  The spine was 
placed in a glass mortar and pestle type tissue homogenizer.  Five ml of 
extraction solution was then pipetted into the homogenizer, and the spines were 
homogenized until no visible tissue was present in the solution (approximately 45 
to 60 s).   The resulting supernatant was drawn into a disposable syringe and 
filtered through a 0.45 µm syringe filter into a test tube.  Approximately 0.6 mL 
remained after filtering (approximately 0.4 mL could not be recovered from the 
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syringe filter).  The glass homogenizer was thoroughly rinsed between samples 
to prevent cross-contamination.  A volume of 0.5 mL of the filtered supernatant 
was drawn into an injection syringe and then manually injected into the HPLC 
system.   
The concentration of OTC in each spine was derived by dividing the peak 
area of OTC in the standard by the peak area of OTC in each spine sample.  
This ratio was multiplied by the concentration of OTC in the standards.  
Concentration of OTC was related to week of sample and analyzed using 
curvilinear regression.  Differences in mean concentrations among weeks and 
between the second and third spine were examined using ANOVA (SAS 1996).  
Type III sum of squares was used because of unequal sample size.  The 
concentration of OTC in each spine was multiplied by the total volume of 
supernatant after the spine was crushed.  The product is the total weight of OTC 
extracted from each spine.  The weight of OTC extracted per gram of spine was 
plotted as a function of the week walleyes were sacrificed and tested for linearity 
using standard linear regression analysis.  An alpha level of 0.05 was used for all 
statisical tests. 
 
Visual preparation and analysis 
The remaining spine from each walleye (i.e., if the second dorsal spine of 
a walleye was used for HPLC detection, then the third spine from this walleye 
was used for visual detection) was sectioned and mounted on a slide.  Whole 
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spines were attached to an acetate slide by placing a clear strip of tape over their 
length.  The spines were cut into 1 mm sections using a scalpel.  These sections 
were attached to a glass slide by placing them on a drop of cyanoplastic so that 
the cross-section of the spine faced up.  Slides were placed in a dark container to 
allow the glue to dry.  Spine cross-sections were examined for a fluorescent mark 
with filtered (i.e., 455 nm dichroic mirror, 440 nm excitation filter, and 475 nm 
barrier filter) ultraviolet light (Brooks et al. 1994) with an Olympus compound 
microscope (Model CH30) using either 4x or 10x magnification depending on the 
diameter of the spine cross-section.  Three viewers examined each spine.  The 
mark was subjectively graded from 0 to 3, with a 0 indicating no visible OTC ring, 
a 1 denoting a weakly discernable ring, a 2 indicating a clearly defined OTC ring, 
and a 3 denoting an extremely bright and defined ring.  Photographs of the four 
mark grades were given to viewers to provide a benchmark for grading marks 
(Figure 2). 
 Frequency of mark grade was plotted by week of sacrifice.  The averaged 
score was compared to week of sacrifice and tested for significance using linear 
regression.  Overall differences between average ranks among weeks were 
tested using ANOVA (SAS 1996). Type III sum of squares was used because of 
unequal sample size.  Ranked data were analyzed using standard parametric 
procedures (Conover and Iman 1980).   A Bonferroni correction was used to 
adjust for experimental-wise error (Woodward et al. 1990).  An alpha level of 0.05 
was used for all statistical tests. 
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Comparison of methods  
  Visual score of OTC marks was related to the HPLC determined OTC 
concentration using Spearman’s rank correlation (Zar 1999).  Paired spines from 
each fish were used in this analysis.    
The cost per sample using HPLC methods was compared to the cost and 
time required per sample for visual fluorescence detection.  Total time required to 
section, mount, and grade spines was recorded.  Accuracy of mark detection was 
compared between the two methods. 
 
Results 
HPLC detection 
OTC was successfully extracted and detected in all (i.e., 100%) marked 
spines analyzed using HPLC.  OTC concentration did not vary significantly 
among weeks (F = 2.14, P = 0.08), or between second and third spine (F = 0.03, 
P = 0.86; Table 3).  However, there was a significant third order polynomial 
relationship between concentration of OTC and week (r2 = 0.30, P = 0.01).  Mean 
concentration (µg/mL) of oxytetracycline in the spines increased from week one 
to week two and then decreased through week seven (Figure 3).      
Oxytetracycline extracted per gram of spine (µg/g) decreased significantly 
(r2 = 0.66, P < 0.001) from week one through week seven (Figure 4).  There was  
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Table 3.  Mean concentrations (µg/mL) of oxytetracycline found in the second 
and third spines of fingerling walleyes sampled weekly after marking as 
determined by high pressure liquid chromatography.  Oxytetracycline 
concentration did not vary significantly among weeks (F = 2.14, P = 0.08), or 
between second and third spine (F = 0.03, P = 0.86). 
Second dorsal spine Third dorsal spine Combined  
 
Week n Mean SD n Mean SD n Mean SD 
1 3 0.0068 0.0012 2 0.0112 0.0030 5 0.0086 0.0029 
2 2 0.0131 0.0042 3 0.0110 0.0023 5 0.0119 0.0029 
3 3 0.0127 0.0065 2 0.0075 0.0000 5 0.0106 0.0054 
4 2 0.0097 0.0017 3 0.0069 0.0030 5 0.0080 0.0027 
5 2 0.0059 0.0009 2 0.0086 0.0030 4 0.0072 0.0024 
6 3 0.0057 0.0009 2 0.0062 0.0030 5 0.0059 0.0016 
7 2 0.0042 0.0006 3 0.0081 0.0041 5 0.0065 0.0036 
  
25
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Mean weekly concentration of oxytetracycline, as determined by high 
pressure liquid chromatography, found in dorsal spines from walleye fingerlings 
sampled weekly after being marked.  Vertical bars represent ± SE of the mean 
(week 4, n = 4; all other weeks, n = 5).!
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Figure 4.  Weekly concentration of oxytetracycline (OTC) per gram of spine from 
walleye fingerlings marked with OTC.  
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no significant relationship (P = 0.29) between concentration of OTC (µg/mL) and 
spine weight (Figure 5). 
Peaks corresponding to OTC were detected in nine of 14 (64%) walleye 
“control” spines from Lost Island Lake, IA.  Otoliths from the control fish from Lost 
Island Lake were examined visually for OTC rings, and 13 of 17 (76%) of these 
fish were determined to be marked.  However, OTC was not detected in the six 
walleye control spines from Roy Lake, SD, using HPLC.   
 
Visual detection 
 Viewers correctly identified 90.2% of marked and control spines (Table 4).    
Viewer 3 misidentified 14.7% of control spines as having a mark.  Two viewers 
correctly classified all controls, but correct identification of marked spines for 
these viewers fell to 82.4%.  Average correct identification of marked fish was 
85.3%.   
 Viewer agreement for marked or unmarked fish was 80.9% (Table 5).  
Viewer agreement for marked fish only was 76.4%, while agreement on control 
spines was 85.3%.   
Viewer agreement for mark rating was 60.3% (Table 6).  Viewer 
agreement of mark rating for marked spines was 35.3%, while viewer agreement 
of mark rating for controls was 85.3%. 
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Figure 5.  Concentration of oxytetracycline (OTC) in dorsal spines from walleye 
fingerlings marked with OTC as a function of spine weight before 
homogenization.   
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Table 4.  Individual viewer performance for correctly identifying oxytetracycline 
(OTC) bands on dorsal spines removed from walleyes either marked as 
fingerlings with OTC (marked) or from walleyes that were not marked (controls). 
Marked (n=34) Controls (n=34) Combined (n=68) 
Viewer Correct Incorrect Correct Incorrect Correct Incorrect 
1 82.4% 17.7% 100.0% 0.0% 91.2% 8.8% 
2 82.4% 17.7% 100.0% 0.0% 91.2% 8.8% 
3 91.2% 8.8% 85.3% 14.7% 88.2% 11.8% 
Combined 85.3% 14.7% 95.1% 4.9% 90.2% 9.8% 
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Table 5.  Percent agreement between and among (overall) viewers when 
assessing whether walleye dorsal spines were marked or unmarked with 
oxytetracycline (OTC) bands.  The groups were walleyes that were marked with 
OTC as fingerlings (marked) or were controls (unmarked). 
Agreement between viewers  
Groups 1 vs. 2 1 vs. 3 2 vs. 3 
 
Overall 
Marked (n=34) 94.1% 79.4% 79.4% 76.5% 
Unmarked (n=34) 100.0% 85.3% 85.3% 85.3% 
Overall (n=68) 97.1% 82.4% 82.4% 80.9% 
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Table 6.  Percent agreement between viewers when assessing mark strength of 
an unknown sample of walleye dorsal spines that were marked or unmarked with 
oxytetracycline (OTC) bands.  Viewers rated spine OTC marks as 0 (no visible 
mark), 1 (poor mark), 2 (fair mark), or 3 (excellent mark).  The groups were 
walleyes that were marked with OTC as fingerlings (marked) or were controls 
(unmarked). 
Agreement between viewers  
Groups 1 vs. 2 1 vs. 3 2 vs. 3 
 
Overall 
Marked (n=34) 58.8% 55.9% 50.0% 35.3% 
Unmarked (n=34) 100.0% 85.3% 85.3% 85.3% 
Overall (n=68) 79.4% 70.6% 67.7% 60.3% 
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 Mean reader mark score differed significantly (F = 13.02, P = <0.001) 
among weeks (Table 7).  In fact, an averaged rank of marked spines was 
positively correlated (r2 = 0.62, P = 0.03) with week (Figure 6).  The frequency of 
viewer classifying marks as zero decreased while the frequency of viewers 
classifying marks as two or three increased over the period of seven weeks 
(Figure 7). 
 There was no overall difference in average rank between the second and 
third spine (F = 0.05, P = 0.81).  Also, there was no significant relationship 
between OTC concentration and visual score given to spines from the same 
walleye using Spearman’s rank correlation (0.029, P = 0.77, Figure 8).    
 
Comparison of methods 
Both methods require clipping dorsal spines, so this time was not included 
in my analysis.  Cost per sample for HPLC methods was $37.00 at the South 
Dakota State University Chemistry Laboratory.  Spine preparation for visual 
analysis required two technicians working 6 h ($20.00/h) to section and mount 
100 spines (3.6 min/sample, $240).  Grading of spine marks required three 
technicians working 4.5 h (2.7 min/sample, $270).  Material costs for mounting 
were negligible.  Total cost per sample was estimated to be $5.10. 
 All spines were correctly identified as having OTC present in the tissue 
using HPLC analysis.  Controls spines from Roy Lake, SD were correctly 
identified as having no OTC.  Using visual detection, viewers agreed that 25 of 
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Table 7.  Average rank of oxytetracycline (OTC) marks assessed visually in the 
second and third dorsal spines of walleye fingerlings sampled weekly after being 
marked with OTC.  Viewers rated spine OTC marks as 0 (no visible mark), 1 
(poor mark), 2 (fair mark), or 3 (excellent mark).  Weekly means with the same 
letter are not significantly different at ! = 0.05.   
Second dorsal spine Third dorsal spine Combined  
 
Week n Mean SD n Mean SD n Mean SD 
1 2 0.17 0.41 3 0.44 0.53 5 0.33 c 0.49 
2 3 0.78 0.44 2 2.33 0.52 5 1.40 b 0.91 
3 2 1.33 0.82 3 1.44 0.88 5 1.40 b 0.83 
4 3 1.56 0.73 2 2.17 0.98 5   1.80 ab 0.86 
5 3 2.56 0.53 1 2.00 0.00 4 2.42 a 0.51 
6 2 1.50 0.55 3 1.22 0.67 5 1.33 b 0.62 
7 3 2.22 2.33 2 0.83 0.52 5 2.27 a 0.70 
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Figure 6.  Average mark scores from spines of fingerling walleyes marked with 
oxytetracycline.  Viewer scores 0 (no visible mark), 1 (poor mark), 2 (fair mark), 
or 3 (excellent mark) were averaged for each week. 
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Figure 7.  Frequency of viewers scoring spine marks of oxytetracycline marked 
fingerling walleyes as 0 (no visible mark), 1 (poor mark), 2 (fair mark), or 3 
(excellent mark) by week (3 viewers, n = 34 spines). 
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Figure 8.  Average viewer score of oxytetracycline (OTC) marks from spines of 
fingerling walleyes marked with OTC compared to concentration of OTC in 
spines from the same fish determined by high pressure liquid chromatography.  
Viewer score was 0 (no visible mark), 1 (poor mark), 2 (fair mark), or 3 (excellent 
mark) (3 viewers, n = 34). 
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34 walleye spines were marked, while at least one viewer misidentified five of 24 
unmarked spines as having a mark. 
Discussion 
 Distinct and measurable peaks were observed in each OTC marked 
sample using HPLC.  However, homogenizing spines from larger walleyes was 
difficult with our small homogenizer.  Spines from walleyes older than 7 - 8 weeks 
may require a larger or mechanical homogenizer.    
The increase in mean OTC concentration from week one to week two 
followed by a decrease through week seven is similar to the trend seen in tissue 
sample OTC concentrations analyzed in other HPLC research (e.g., Unkenholtz 
et al. 1997).  During the first week after marking, OTC is present in other tissues 
of the body and may still be accumulating in the calcified structures of fish.   
 The amount of OTC extracted per gram of spine (µg/g) decreased through 
week seven, yet there was no relationship between concentration of OTC 
(µg/mL) and spine weight.  These relationships provide evidence that OTC 
concentration may decrease over time, but this decrease was not related to the 
size of spine.  If the concentration of OTC decreased and had been negatively 
correlated with spine weight, it might be suggested that the decrease in 
concentration is a function of the difficulty in extracting OTC from larger 
structures. 
 Oxytetracycline peaks were seen in 64% of “control” fish from Lost Island 
Lake, IA.  Visual assessment of the otoliths from these walleyes determined that 
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76% of these fish were marked.  I had initially assumed that the spines from 
these fry-marked walleyes would not have assimilated any OTC because dorsal 
spines in larval walleyes are not formed until they reach at least 15 mm (Norden 
1961).  However, my research indicates that OTC may be still accumulating in 
fish for up to 2 weeks after marking.  Because the mean length of the larval 
walleyes at the time of marking was 10-12 mm, OTC apparently was still 
accumulating in bony tissues after the spines began to develop. 
   The six walleyes from Roy Lake, SD were the result of natural 
reproduction, because no walleye were stocked into Roy Lake during the time 
period of my study.  Oxytetracycline was not detected in these spines, further 
validating my assessment methods.   
 Studies that visually assess OTC marks in the spines of fingerling marked 
fish are limited.  There is evidence that visual detection of marks is similar 
between otoliths and dorsal spines for yellow perch (Brown et al. 2002).  My 
visual detection rates are lower than detection rates reported by Brown et al. 
(2002), and I found a significant relationship between week of sacrifice and visual 
score.  Spines from older walleyes had a stronger (i.e., higher score) visual mark 
than younger fish.  The fluorescent mark in the dorsal spine from walleyes 
sacrificed within 1 - 2 weeks of marking may be very near the outside margin of 
the spine.  Sectioning of the spine occasionally produces uneven edges on the 
outside margin of the spine and the uneven edges may interfere with mark 
detection.  Smaller spines are also harder to orient when gluing on slides.  
  
39
Assessment of mark quality may be affected when sections are not oriented in a 
completely vertical manner. 
 The subjectivity of visual detection was evident after examining viewer 
agreement of mark presence/absence and mark rating.  Problems may arise if 
multiple viewers are used for determination of mark presence.  Viewers overall 
correctly identified 90% of the marked and unmarked spines, but they only 
agreed 81% of the time.  Even with this relatively high agreement, 16% of these 
designations were incorrect.  Subjectivity was further evident when viewers 
attempted to grade the marks that they saw.  Agreement on mark quality of 
marked spines was only 35.2%.   
Viewer 3 misidentified 14.7% of control spines as having a mark.  Brooks 
et al. (1994) reported that 40% of larval otolith controls were misidentified as 
having a mark.  These misidentifications were caused by autofluoresence from 
edges, cracks, stress marks, and connective tissues.  Misidentification of control 
spines in my study may also have been caused by autofluoresence. 
I did not find a correlation between visual mark strength and concentration 
of OTC in spines from the same fish.  However, any correlation may be masked 
by other factors affecting visual mark strength.   
Cost per sample for HPLC analysis of spines ($37.00/sample) was much 
greater than visual analysis ($5.10/sample); however, HPLC methods correctly 
identified all samples containing OTC, as well as quantifying OTC in the samples.  
Greater accuracy in detection of marks may equate to smaller necessary sample 
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sizes, which would lower overall costs for HPLC analysis.  Costs needed to train 
viewers and buy and maintain visual detection equipment are not included in this 
study, but should also be considered when comparing methods. 
 Visual detection of OTC marks in fish structures invariably involves 
subjectivity, which must be examined and accounted for when assessing marking 
success.  My research provides an option for a feasible, reliable, and simple 
method for detecting OTC marks in fingerling-marked walleyes.  High pressure 
liquid chromatography can be preformed by trained personnel at many state or 
university laboratories.  Biologists need only collect spines from walleyes in the 
field, which are already collected, in many cases, as an aging structure.  Cost per 
sample for analysis is greater, but decreased laboratory time and a substantial 
reduction in subjectivity may offset increased costs. 
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Chapter 4.  Conclusions and Management Recommendations 
 
 
 The success of OTC detection in otoliths of fry-marked walleyes using 
HPLC was limited.  Issues affecting the sensitivity of the HPLC system used 
during my study were not resolved.  More sensitive quantitative equipment is 
available for the detection of OTC, but the use of this equipment is cost 
prohibitive at this time.  Visual detection of fry-marked otoliths was variable.  An 
experienced viewer was nearly 100% accurate at classifying marked and 
unmarked otoliths; however, accuracy was substantially less for two viewers 
using similar visual detection equipment.   
 Oxytetracycline was successfully detected and quantified in the dorsal 
spines of fingerling-marked walleyes using HPLC.  The concentration of OTC in 
the spines decreased over a 7 week period after marking.  Visual accuracy of 
OTC mark detection in spines was similar to other published research.  One 
viewer identified 15% of control (i.e., unmarked) fish as being marked.   Viewer 
rank of mark intensity increased over a 7 week period.  However, concentration 
of OTC in spines was not correlated with viewer rank of intensity of the mark.  
Cost of HPLC detection of OTC was substantially higher than visual detection 
methods, but the greater cost for HPLC detection may be offset by the accuracy 
of HPLC and need for a smaller necessary sample size.  
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Management recommendations 
 I cannot recommend HPLC for detection of OTC in fry-marked walleye 
otoliths at this time.  More sensitive HPLC systems are currently cost prohibitive 
for many studies; however, studies that assess OTC marking protocols may 
benefit from the capability to quantify OTC.  Visual method for detecting OTC in 
otoliths should be used with caution because accuracy of visually detecting OTC 
marks was highly variable among viewers.   
 High pressure liquid chromatography was an accurate and feasible 
alternative for detection of OTC in fingerling-marked walleye dorsal spines.  The 
HPLC method of detection was 100% accurate for determining OTC marks in 
samples.  The visual detection method for OTC in spines is time consuming and 
subjective.  Visual detection accuracy may be related to mark quality, viewer 
experience and equipment variability.  
In both fry and fingerling OTC marking studies, researchers should 
determine error rates of individual viewers by using known marked and 
unmarked samples prior to assessment of marking success.  Visual detection 
equipment should also be checked by comparing it to correctly functioning 
equipment. 
 Further research is needed to describe factors affecting quality of OTC 
marks (e.g., water chemistry) during marking.  Further research is also needed to 
explore potential variability in visual detection equipment.   
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Spines from fry-marked walleyes were used as “controls” in Chapter 2.  I 
assumed that the spines from these fry-marked walleyes would not have 
assimilated any OTC because dorsal spines in larval walleyes are not formed 
until they reach at least 15 mm (Norden 1961).  However, HPLC analysis 
indicated that OTC was present  and measurable in these spines.  Detection of 
OTC in spines of fry-marked walleyes using HPLC would be a valuable detection 
method, and further research is needed to explore the reliability and efficacy of 
this method. 
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